Background Chronic low-grade inflammation, characterized by elevated plasma levels of C-reactive protein (CRP), has been inversely associated with dispositional optimism. Using a Mendelian randomization design, this study explores whether CRP haplotypes that determine CRP plasma levels are also associated with dispositional optimism. Methods In a sample of 1,084 community-dwelling subjects (aged 60-85 years) from three cohort studies (Arnhem Elderly Study, n = 426; Leiden Longevity Study, n = 355; Zutphen Elderly Study, n = 303), six CRP polymorphisms (rs2808628, rs2808630, rs1205, rs1800947, rs1417938, and rs3091244) coding for five common haplotypes were genotyped. The association of CRP haplotypes with CRP plasma levels and dispositional optimism was analyzed using multivariable linear regression models. Subanalyses were stratified by body mass index (BMI C25 kg/m 2 ). Results CRP haplotypes determined CRP plasma levels (adjusted b = 0.094, p \ 0.001). In the whole group, no association was found between CRP haplotypes and dispositional optimism scores (adjusted b = -0.02, p = 0.45). In BMI strata, CRP haplotypes were associated with increasing levels of plasma CRP levels (adjusted b = 0.112; p = 0.002) and lower dispositional optimism levels (adjusted b = -0.068; p = 0.03) in the obese group only. Conclusions These results suggest that genetically increased CRP levels are involved in low dispositional optimism, but only in case of obesity.
Introduction
Chronic low-grade inflammation is proposed as one of the underlying mechanisms through which psychological factors influence a range of health outcomes [1] , including mortality risk [2, 3] . Although most studies addressing the association between inflammation and mood states have focused on the link with negative affect [4] [5] [6] [7] [8] , there is increasing evidence for an association between inflammation and positive affect [9] [10] [11] [12] . These studies reported an inverse association of positive affective states with proinflammatory acute-phase proteins and cytokines, such as interleukin-6 (IL-6) [9, 10] and plasma fibrinogen [11, 12] .
Inflammation is also associated with the positive affective trait dispositional optimism, which is defined as generalized expectancy of positive outcomes for the future [13] . Dispositional optimism has been associated with better outcomes in mental and physical health [14] [15] [16] [17] . These benefits may result from the more effective coping used by optimists and its effects on stress resilience. It is suggested that greater stress resilience may lead to downregulation of the inflammatory response by counteracting the neuroendocrine reaction to stressful events [18] . Furthermore, it is also possible that chronic low-grade inflammation lowers the level of dispositional optimism. In a recent cross-sectional study among middle-aged healthy adults (n = 6,814), circulating levels of C-reactive protein (CRP) [11] , a nonspecific systemic inflammatory acutephase protein, were inversely associated with higher dispositional optimism scores. However, the cross-sectional nature of the reported association between inflammation and optimism does not allow drawing conclusions about causal pathways. It remains unclear whether low levels of optimism are secondary to inflammation, or low inflammatory markers are secondary to optimism, or whether a third factor is involved in the putative association.
It is well known that (abdominal) obesity is strongly related to inflammation and may therefore act as a potential moderator of the association between inflammation and dispositional optimism. Visceral fat is an important determinant of moderately increased CRP levels in both men and women [19] . Furthermore, weight changes have been correlated to changes in CRP levels [20, 21] . In an earlier study, a gene-environment interaction was reported for the effect of body mass index (BMI) on CRP plasma levels [22] . In obese subjects, a stronger association was found between the CRP single-nucleotide polymorphism (SNP) rs1205 and plasma CRP levels than in lean subjects, especially in men.
Mendelian randomization has been used to investigate biological relationships by inferring causality when unobserved confounding is likely [23] [24] [25] . This approach is based on the random allocation of alleles at the moment of gamete formation and can be considered as a natural form of randomized controlled trial [26] . Previous studies using Mendelian randomization have shown that CRP transcription and plasma concentrations depend on genetic variation at single-nucleotide polymorphisms (SNPs): rs2808628, rs2808630, rs1205, rs1800947, rs1417938, and rs3091244 [27] [28] [29] [30] [31] [32] [33] . Furthermore, a recent Mendelian randomization study showed that the observed association between CRP and BMI is most likely driven by BMI, with CRP being raised due to obesity [34] . Regarding affective states, the relationship with CRP genetic variation has only been studied for depressive symptoms, with negative findings in two previous cross-sectional studies among 868 middleaged subjects and 3,700 community-dwelling elderly subjects [35, 36] . The relationship between CRP genotype and the positive affective trait dispositional optimism remains largely unexplored.
The present study investigates the associations between CRP haplotypes and dispositional optimism in three different samples of older subjects. We hypothesized that CRP haplotypes associated with higher levels of CRP in plasma may also contribute to lower levels of dispositional optimism. Since obesity is strongly related to inflammation and may modulate the association between CRP haplotypes and CRP plasma levels [22] , we also investigated the effect of BMI on the association between CRP haplotypes and dispositional optimism by repeating the analyses stratifying by BMI.
Methods

Study sample
The present study uses data from participants of the Arnhem Elderly Study (AES), the Leiden Longevity Study (LLS), and the Zutphen Elderly Study (ZES). The study design and population characteristics of these three samples have been described in detail elsewhere [37] [38] [39] . The AES is a population-based study among 685 noninstitutionalized adults (aged 65-84 years) who agreed to undergo venipuncture to investigate lifestyle and health characteristics [40] . In the LLS, 420 families with longlived Caucasian siblings, together with their offspring and the offspring's partners, were recruited to study predictors and mechanisms of longevity. Families were eligible for the study if at least two long-lived, full siblings were alive, where men were considered to be long-lived if they were 89 years or older and women if they were 91 years or older [38] . The ZES is a longitudinal investigation of risk factors for chronic diseases among Caucasian men (aged 65-84 years), of whom 560 participated in 1990 [37] . Participants of the three samples were included in subsequent analysis when having complete data on CRP plasma concentrations, dispositional optimism scores, and at least four of the six CRP SNPs. In a number of subjects DNA was not available. This selection criterion resulted in a final study sample of 1,084 participants: 426 Caucasian subjects aged 65-85 years from the AES, 355 Caucasian subjects aged 60-84 years from the LLS, and 303 Caucasian subjects aged 70-89 years from the ZES. All studies were conducted in compliance with the principles of the Helsinki Accord and were approved by the local ethics committees. Standard informed consent was obtained from all participants.
Plasma CRP measurement and CRP SNP genotyping Blood samples were drawn by standard venipuncture techniques. Plasma CRP was assayed with a highly sensitive enzyme-linked immunosorbent assay procedure in the AES and with automated enzymatic colorimetric methods using a Modular P analyzer (Roche, Switzerland) in the LLS. CRP plasma levels were not measured in the ZES, and therefore CRP levels were available in 781 (72%) of 1,084 subjects.
Genomic DNA was isolated from the blood samples according to standard procedures. SNPs at the CRP gene were determined together with the frequency of six wellcharacterized CRP polymorphisms shown to be related to plasma CRP levels ( Fig. 1) . I-plex assays were assigned using Assay designer software (Sequenom). Genotyping was performed using the MassArray platform according to the manufacturer's protocols (Sequenom, San Diego, CA). After polymerase chain reaction (PCR) on 2.5 ng DNA, a primer extension reaction was performed to introduce mass differences between alleles. After removing salts by adding a resin, *15 nL of the product was spotted onto a target chip with 384 patches containing matrix. Mass differences were detected using a Bruker Autoflex matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometer, and genotypes were assigned in real time using Typer 3.1 software (Sequenom). Genotype frequencies of these SNPs showed no significant deviations from Hardy-Weinberg equilibrium (all p values [ 0.05, except for SNP rs3091244 in the ZES with p = 0.03).
The haplotype frequencies were generated using SNP-HAP (Clayton, 2002; version 1.3; available online at http:// www-gene.cimr.cam.ac.uk/clayton/software/) with an estimation-maximization algorithm. Six SNPs (i.e., rs2808628, rs2808630, rs1205, rs1800947, rs1417938, and rs3091244) were used to generate five common haplotypes that determine about 10% of the interindividual variability in CRP levels in the absence of infection [27, 31] . Haplotypes with prevalence larger than 3% were selected for further comparison and named haplotype 1, haplotype 2, haplotype 3, haplotype 4, and haplotype 5. Haplotypes were placed in numerical order of their known association with increasing plasma CRP levels [28, 33] .
Dispositional optimism
Dispositional optimism was assessed using the Dutch Scale for Subjective Well-being for Older persons (SSWO) in 426 participants in the AES [41] , using the Life Orientation Test-Revised (LOT-R) in 355 participants in the LLS [13] , and using the four-item optimism questionnaire (4Q) in 303 participants in the ZES [16] . The SSWO consists of 30 items rated on three-point scales divided into five subscales, including an optimism subscale composed of seven items [15] . Within the seven items yielding an optimism score, one item required reversed coding. A typical item was: ''I still expect much from life.'' The total score ranges from 0 to 14 points [15, 40, 41] . The LOT-R consists of 10 items rated on a five-point Likert scale, with 6 items yielding an optimism score and 4 filler items [13] . Within the six score items, three negatively stated items required reversed coding. A typical questionnaire item was: ''Overall, I expect more good things to happen to me than bad things.'' The total LOT-R score ranges from 0 to 24 points. The 4Q [16] consists of four statements rated on a three-point Likert scale, such as ''I am still full of plans.'' Within the four score items, two negatively stated items required reversed coding. The additional answer category ''do not know'' was coded as the midpoint (score 1). The total score ranges from 0 to 8 points. For computation of optimism scores, one missing item per subject was allowed, being subsequently imputed as the mean of the remaining seven, five, or three items for the SSWO, the LOT-R, and the 4Q, respectively. Higher scores on all three optimism scales were indicative of higher optimism levels. Similar indices of moderate internal consistency were found for the three optimism scales (with Cronbach's a of: SSWO 0.76, LOT-R 0.67, and 4Q 0.65).
Other variables
Sociodemographic and lifestyle characteristics were obtained from all participants, including age and gender. Marital status was dichotomized as being married or not. Smoking status was classified as no smoking, former smoking, and current smoking. Alcohol use was dichotomized as current alcohol consumption or no alcohol consumption. BMI was calculated from the measured weight and height, and two strata were formed according to the cutoff of 25 kg/m 2 . History of cancer and history of cardiovascular disease (i.e., heart failure, myocardial infarction, or stroke) were also dichotomized.
Statistical analysis
Sociodemographic and lifestyle characteristics were summarized using descriptive statistics. Differences across the three studies were analyzed using chi-square tests and oneway analysis of variance (ANOVA), when appropriate. Results are presented as number and percentage for categorical variables, mean and standard deviation (SD) for continuous normally distributed variables, and median with interquartile range for continuous skewed variables. Logarithmic transformation was applied to normalize distributions of the positively skewed CRP values, and subsequent analyses were conducted on these transformed values. Back-transformed geometric mean values are presented in all tables. To enable comparison of the optimism scores obtained by the three different scales, z-scores (i.e., standardized scores) were used.
First, one-way ANOVAs were used to assess the associations between the alleles of the six SNPs and dispositional optimism within each sample. Given the low frequency of the minor allele of SNP rs1800947, the alleles GC/CC were pooled into one group.
Second, univariate ANOVAs were used to study the association between CRP haplotypes and circulating CRP. The same analyses were used to investigate the relationship between CRP haplotypes and dispositional optimism. In each analysis, the association was subsequently tested adjusting for potential confounders, including age, gender, marital status, smoking status, alcohol use, history of cancer or cardiovascular disease, and cohort (when appropriate). Finally, to assess the effect modification of obesity on the association between CRP haplotypes and CRP plasma levels or dispositional optimism, we stratified according to BMI group (i.e., group 1 had BMI\25 kg/m 2 , group 2 had BMI C25 kg/m 2 ) [42] . Linear regression analyses (weighted for haplotype probability) were used to test for linear trend over the haplotypes ordered according to increasing CRP level. Finally, to unveil potential differences between men and women, the same analyses were repeated testing the interaction with gender.
All p values are two-tailed and considered statistically significant at the level of p \ 0.05. Data analyses were performed using SPSS version 17.0 (Chicago, IL) for Windows.
Results
Sociodemographic characteristics
Sociodemographic and lifestyle characteristics are summarized in Table 1 . The mean age of the study sample was 71 (SD 7) years. The percentage of male participants was around 45% in the AES and the LLS, whereas the ZES study was solely composed of men. Participants of the AES more frequently reported a history of cardiovascular disease. Finally, median levels of circulating CRP were similar across the two studies with available data (i.e., AES and LLS), and a positive association between serum CRP levels and BMI (adjusted b = 0.35; p \ 0.001) was found.
CRP genotype and CRP levels Figure 1 presents the five haplotypes used in this study, with prevalence rates highly consistent with those found in populations of Northern/Western European origin [33, 43, 44] . Genetic variation at these chromosomal regions is represented by so-called tag SNPs (also depicted in Fig. 1 ). As expected, results from the linear regression analysis showed that CRP haplotypes were associated with increasing CRP plasma levels (b = 0.088; p = 0.001) in the combined study sample. In the multivariable model, this association persisted (b = 0.094; p \ 0.001). Largely similar results were found when studying the association within samples. After stratification by BMI, the adjusted association between CRP haplotypes and increasing levels of circulating CRP only persisted in the obese group (b = 0.112; p = 0.002), but disappeared in the nonobese group (b = 0.069; p = 0.08) (Fig. 2) . The difference in strength of the associations across the obesity groups was significant after adjustment for marital status, age, gender, alcohol, smoking habits, cardiovascular disease, cancer, and cohort.
CRP and dispositional optimism
There was an inverse association between serum CRP levels and dispositional optimism (b = -0.053; p = 0.03).
However, this association disappeared after adjustment for the following confounders: age, gender, marital status, smoking status, alcohol use, and history of cancer or cardiovascular disease (b = -0.006; p = 0.83). Table 2 presents results on the association between CRP haplotypes and dispositional optimism. No significant overall association was found between CRP haplotypes and levels of dispositional optimism in the combined sample. However, a marginally significant association was found in the AES after adjusting for potential confounders. After stratification by BMI, an association was found between CRP haplotypes and dispositional optimism (z-scores) in the obese group (n = 595; b = -0.068; p = 0.03), but not in the nonobese group (n = 489; b = 0.049; p = 0.15) (Fig. 2) . The difference in strength of the associations across the obesity groups was significant after adjustment for marital status, age, gender, alcohol, smoking habits, cardiovascular disease, cancer, and cohort (p for interaction term haplotype 9 optimism was 0.04). Associations between CRP haplotypes and dispositional optimism in obese subjects were of similar strength in obese men (b = -0.070) and obese women (b = -0.067), and the interaction term with gender was not statistically significant.
Discussion
The present study aimed to determine whether specific haplotypes of the CRP gene known to affect gene transcription and circulating levels of CRP [27-33, 43, 44] were also associated with dispositional optimism. The association between C-reactive protein (CRP) and low dispositional optimism was tested using a Mendelian randomization design. There was an association between CRP genotype and circulating serum CRP levels. However, no association was found between CRP genotype and low optimism, implying that a causal association is unlikely. The lack of relationship suggests that reverse causation, bias, or confounding generated the link between high CRP plasma levels and low optimism. Our data indicated that BMI was a likely confounder of the relationship, as subjects with higher BMI displayed higher CRP levels and lower optimism. Since previous studies had reported a gene-environment interaction for the relationship between BMI and CRP levels [22] , we performed extra analyses stratified by BMI. BMI modulated the association between CRP haplotypes and dispositional optimism, as an inverse association was only found in the obese group. Although our findings are interesting and merit further investigation, some study limitations need to be addressed. First, three different instruments were used to measure dispositional optimism. Second, it should be noted that about 25% of the LLS were sibling pairs, and therefore not genetically independent. Third, although we included three cohorts in the analyses, the total number of 1,084 participants is relatively small for a genetic association study. Finally, we restricted our analysis to Caucasian European subjects, which limits the generalization of our findings to non-Caucasian populations. Given the evidence that circulating levels of CRP are higher in African Americans than European Caucasians [27, 28] , further research in nonCaucasian populations may be needed. Five common haplotypes were constructed from rs2808628, rs2808630, rs1205, rs1800947, rs1417938, and rs3091244. Weighted linear regression analysis was used to test for linear trend over the five haplotypes * Geometric estimated means adjusted for age, gender, marital status, smoking status, alcohol use, history of cancer or cardiovascular disease, and cohort (when appropriate) with standard errors (SE) are presented for dispositional optimism
Our results are in line with the findings of the crosssectional Multi-Ethnic Study of Atherosclerosis (MESA) among 6,184 middle-aged adults, which showed that higher LOT-R scores were inversely associated with serum CRP levels [11] . Similar to the present study, this association attenuated after adjustment for sociodemographic and lifestyle-related factors, including BMI. Similarly, our results concur with findings from other cross-sectional studies investigating positive affect, a construct closely related to optimism [10, 12, 45] . We have extended their findings by investigating the role of allelic variation at the CRP gene and by exploring the modifying effect of obesity on the association between the CRP gene and both CRP levels and dispositional optimism. We found that the association between CRP haplotypes and CRP levels was stronger in subjects with obesity. This confirms findings of another study (among 2,296 older subjects) reporting that the association between the minor allele of the CRP SNP rs1205 and higher CRP levels was also stronger in subjects with higher BMI [22] . Likewise, in another study, CRP was related to poorer cognition in women with BMI higher than 25 kg/m 2 , but not in leaner women [42] . We found that CRP haplotypes were associated with dispositional optimism when BMI was higher than 25 kg/m 2 ; this suggests that high CRP levels are associated with lower optimism, but only in obese subjects.
It is well known that the volume and distribution of adipose tissue are critical in the production of CRPinducing factors [19, 34, 46] . One of these factors is IL-6, a cytokine produced by adipose tissue that regulates hepatic synthesis of CRP [47] . Since this proinflammatory cytokine is also associated with positive affect [10] , it is worthwhile to study both IL-6 and CRP in relation to optimism in obese and nonobese subjects, as the interaction of many other proinflammatory proteins [e.g., tumor necrosis factora (TNF-a)] with obesity is complex.
Although the Mendelian randomization design makes it less likely, we cannot exclude inverse causation as a possible explanation for our findings, i.e., that dispositional optimism may affect systemic inflammation rather than vice versa. Dispositional optimism is associated with health-promoting behaviors such as nonsmoking, increased physical activity, moderate alcohol consumption, and more fruits, vegetables, and whole grains in the diet [48] . Therefore, the association between dispositional optimism and inflammation levels might be moderated through longstanding changes in health behaviors and lifestyle, such as healthy diets and weight reduction. Dispositional optimism is associated with greater resilience to stress, which in turn may reduce the affective reaction to a stressful event. Otherwise, poor coping strategies result in continued and enhanced activation of the hypothalamic-pituitary-adrenal (HPA) axis, inducing a cascade of neuroendocrine and hormonal changes [49] . Thus, chronic dysregulation of the HPA axis may also contribute to inflammatory processes. By favoring more benign appraisals of stress, optimism may lead to downregulation of the neuroendocrine system and, thereby, to decreased levels of inflammatory cytokines and acute-phase proteins [18] . Nevertheless, under conditions of acute biological or psychological stressors, optimism may help to boost inflammatory processes favoring a more rapid and successful response to the stressor. For example, in a study among 18 healthy older adults, those with higher levels of optimism showed greater in vitro IL-2 and interferon-c responses to viral stimulation [50] .
In summary, our study indicates that allelic variation at the CRP gene is related to CRP levels and dispositional optimism, and that the strength of this association is modulated by BMI. Further prospective studies are necessary to confirm our findings. Such studies could investigate the role of BMI in the association between inflammation and affective states also incorporating other markers of inflammation, such as IL-6 or TNF-a.
